Materials and Methods

Synthesis of compound T6
Scheme S1. Synthesis of T6.
A mixture of compound 1 (428 mg, 0.870 mmol), [2,2' -bithiophen]-5-ylboronic acid 1 (0.402 mg, 1.91 mmol) and Pd(PPh 3 ) 4 (101 mg, 0.0870 mmol) was degassed and backfilled with argon three times before 13 mL THF and 3 mL 2M K 2 CO 3 aqueous solution were added by syringe. The reaction mixture was stirred at 70 °C overnight before washed with saturated aqueous NH 4 Cl solution and extracted with DCM. The organic layer was dried over anhydrous Na 2 SO 4 and purified by column chromatography (SiO 2 , 1:20 EtOAc-hexanes) to give the compound 2 as a yellow solid (300 mg, 52%). 1 H-NMR (400 MHz, CDCl 3 ): δ = 7.20 (dd, J = 5.1, 1.1 Hz, 2H), 7.16 (dd, J = 3.6, 1.2 Hz, 2H), 7.07 (d, J = 3.8
Hz, 2H), 7.06 (d, J = 3.8 Hz, 2H), 7.04 (s, 1H), 7.02 (dd, J = 5.1, 3.6 Hz, 2H), 2.51 (t, J = 7.9 Hz, 4H), 1.57 (quint, J = 7.0 Hz, 4H), 1.25 (m, 12H), 0.85 (t, J = 7.0 Hz, 6H).
To a solution of compound 2 (320 mg, 0.483 mmol) in 12 mL THF at -78 °C was added n-BuLi (0.19 mL, 2.5 M in hexanes) and the mixture was stirred for 3 h. Dry CO 2 was bubbled into the mixture at -78 °C for 1.5 h and at -20 °C for another 1 h during which the reaction turned cloudy. The reaction mixture was stirred overnight at room temperature, poured into 1 M HCl, and extracted with EtOAc. The crude product was purified by column chromatography (SiO 2 , 99:1 EtOAc-AcOH) to give the T6 as orange red solid (95.0 mg, 29%). 1 H NMR (500 MHz, d 6 Figure S3 . 13 C-NMR (500 MHz, CDCl 3 ) of compound T6. indicates that the dielectric environment didn't change the transition oscillator strength much. In the later text, we used 4.9×10 5 M -1 cm -1 for GSB extinction coefficient at 415 nm.
The T6 HOMO level was predicted both from theoretical and experimental method to be at -5.49eV. 2 The LUMO was determined to be at -2.31eV by adding the HOMO level and the optical bandgap measured by UV-Vis.
Synthesis of CdSe quantum dot
Cadmium oxide (CdO, 99.5%), selenium powder (Se, 100 mesh, 99.99%), trioctylphosphine oxide (TOPO, 99%), noctadecylphosphonic acid (ODPA), trioctylphosphine (TOP, 97%) and all other solvents mentioned in synthesis procedures were purchased from Sigma-Aldrich. All chemicals were used without further purification.
CdSe quantum dots were synthesized through a procedure of previous literature 3 . For a typical CdSe synthesis procedure, 120 mg CdO, 560 mg ODPA and 3 g TOPO were mixed in a 50 mL three-neck flask. Upon removing O 2 with Ar, the mixture was heated to 350 °C until the mixture became clear solution. 1 mL TOP was then added into the flask and the system was heated further to 360 °C. After which the solution of 120 mg Se in 1mL TOP was injected quickly into the system. Needle tip aliquots were taken for UV-vis measurement to monitor the reactions until the desired size was achieved. The reaction mixture was then cooled to room temperature, and CdSe was separated by centrifuge and washed twice with toluene and ethanol. The CdSe precipitation was dissolved in toluene. Finally, ligand exchange from TOP to oleic acid was conducted following procedures of previous literature 3 . The CdSe was finally dissolved in toluene and the concentration of CdSe was determined from UV-vis spectrum 4 .
The QD VB band edge was determined to be at -5.43eV by the equation 5 , the VB band
edge is determined to be at -3.31eV by the sum of VB and the band gap obtained from optical transition.
The synthesized T6 powder was dissolved into a toluene solution. 
Transient Absorption Spectroscopy Setup
The femtosecond transient absorption is set up based on a regenerative amplified Ti:Sapphire femtosecond laser system (Coherent Legend, 1kHz repetition rate, 150 fs pulse duration and 2 mJ/pulse 800 nm fundamental pulse energy).
The data collection used Helios system from Ultrafast Systems, Inc. The fundamental pulse was split in two beams by a 90:10 beam splitter. 10% beam, was focused onto a 2mm sapphire crystal to generate a white light continuum (WLC)
probe. WLC was split by a beam splitter to provide the probe for the sample and reference to correct for the fluctuation.
The optical fiber to collect the probe is coupled with visible spectrometer and a 1024 elements CMOS camera. For pump beam, such as 520 nm wavelength, 1 mJ of 800 nm fundamental was directed into an optical parametric amplifier (OPA), a signal and an idler NIR pulse are generated. One of the NIR pulse, in 520 nm case the signal, goes through a BBO crystal colinearly with 800 nm pulse, after sum frequency generation (SFG) the desired wavelength is generated. A band pass filter was used to filter out the undesired NIR and 800 nm. The sample is in 1 mm quartz cell (Starna) and constantly stirred during the experiment to avoid photodegradation.
All experiments are performed at room temperature.
Steady State Fluorescence setup
Steady state fluorescence was measured with Cary Eclipse fluorometer. The excitation wavelengths were 520 nm for CdSe, CdSe-T6 samples and 390nm for T6 sample.
Supplement results
Determine intersystem crossing rate of T6
To determine the rate of excited state decay processes (singlet and triplet decay and the intersystem crossing rate), kinetics at 415 nm (GSB), 715 nm (singlet+triplet ESA) and 881 nm (singlet ESA) were plotted in Fig S6 and fitted globally with the model described below. From the fitting, the intersystem crossing rate k isc is 0.914±0.008 ns -1 , the singlet excited state decay rate k SD is 0.963±0.008 ns -1 , and the triplet excited state decay rate k TD is 6.12±0.36×10 ms -1 .
The similar intersystem crossing rate and singlet decay rate resulted in very high triplet yield at 48.7%. Fitting parameters including extinction coefficients of singlet and triplet excited-states are listed in Table S1 . product, triplet excited state ( ), has only one decay pathway that is another intersystem crossing process to the ground 6 * state ( ). Following this model, it is easy to write the expression for the singlet and triplet excited state kinetics.
Eq S1
[ 6]
Eq. S2 is a solution to Eq. S3 which describes the triplet excited state population growth and decay:
Here, two wavelengths are picked to extract the singlet and triplet excited states. Since there is no available wavelength to represent singlet and triplet population individually, a global fitting is needed. One wavelength is the ground state bleach peak at 415 nm, which the signal kinetics could be written as:
is the extinction coefficient of ground state at 415 nm obtained from steady state UV-Vis absorbance 6 (415 ) data. Notice that both singlet and triplet excited state will have a contribution to the ground state bleach. Very importantly, we assumed that the singlet and triplet ESA has very little contribution at 415 nm. The second wavelength is at 715 nm, which is the peak maximum for triplet excited state absorption. This will also serve a purpose to extract the triplet excited state absorption extinction coefficient. However, this wavelength also has a contribution from singlet excited state absorption at early time. Therefore, the expression is written as:
Eq S5
∆ (715 ) = (715 ) [ 6] * ( ) + (715 ) [ 6] * ( ) and is the extinction coefficient of singlet and triplet excited state absorption at 715 nm,
respectively. The singlet ESA could be expressed at 881 nm as well by:
Eq S6
Here Eq. S1 and Eq. S2 is plugged into Eq. S4 to S6, the kinetics could be fitted using these two equations globally.
The global fitting curve is shown in Fig S6. The fitting result is in Table S1 . In the fitting, the instrument response is also considered and is treated as a convolution with the Eq. S4 and S5. Here, the is pre-determined by the ratio of
the signal amplitude of 715 nm and 415 nm at later time (>10ns) due to complete depletion of singlet excited state at this time range. The fast relaxation from 1ps to 10ps is ignored to simplify the fitting process. The fitting result gave out several critical parameters listed in Table S1 below. QD exciton population can be described as:
(Eq. S7)
During the fitting shown in Fig S8a using Eq. S7, we found that more than one recombination rate k 1 is needed to achieve a reasonable fit. Thus, a coefficient term a j is added to represent the weight of QD population with different k 1j .
The apparent triplet energy transfer rate (k app ) is obtained from:
(Eq. S8) = i is the number of T6 attached to each QD surface, k ET is the intrinsic energy transfer rate. The T6 triplet growth kinetics the for QD with i T6 can be written as:
(Eq. S9)
Previous studies have shown that adsorption of molecules on QD surface follows a Poisson distribution [6] [7] [8] [9] [10] .
Considering the probability of finding i T6 on QD where the average number of T6 adsorbed per QD is m, T6 triplet excited state growth is written as below with the consideration of Poisson distribution:
(Eq. S10)
To simplify the fitting function, only i=1-4 is considered because all terms where i is larger than 5 are negligible for m<0.5 according to Table S2 . Global fitting is used to fit the XB and TF curves in Fig S8a with Eq. S7 and S10 Poisson distribution, the QD has mainly two population. One has no T6 bounded, other has only one T6 bounded. As shown in Table S2 , for all T6 concentrations, these two population (0 and 1 T6 per QD) is more than 90% of the total QDs. In conclusion, the efficiency of TET is limited by the adsorbed amount of T6 in this system.
Langmuir isotherm equation is used to obtain the binding constant and maximum adsorption site for QD-T6 complex due to the competitive adsorption 11 :
(Eq. S11)
Here θ is the maximum binding sites for T6 The TET efficiency could be estimated by the following equation:
The extinction coefficient of T6 triplet ESA at 715 nm was decided earlier in the pristine T6 fitting, the extinction coefficient of QD is calculated to be 2.238×10 5 M -1 cm -1 based on previous studies. 3 Notice that the maximum signal amplitude for T6 at 715 nm is 1.6 mOD instead of 0.5 mOD due to the averaging for better signal to noise in the kinetics fitting shown in Figure 4 .
Therefore,
1.19 ± 0.04 * 10
2.24 * 10
= 15.4 ± 0.6% Table S2 . CdSe QD with 375 M T6 after vigorous sonication could temporarily improve the loading amount of T6 on QD surface, thus improve the overall efficiency. Here it is clearly shown in Fig S9 that the triplet signal of T6 is increased at 20-50 ns TA spectrum. At the same time the QD XB recovery rate is also increased. We could calculate the transfer efficiency as below. 
Theoretical calculation parameters of T6
The DFT equilibrium structure of S 0 deviates from planarity due to a twisting of the C-C bond between the third and fourth thiophene rings by an angle ϕ = 44° (see Fig S10 for the definition of ϕ) . Upon excitation to the T 1 state, T6 undergoes a significant rearrangement from a twisted to a planar structure (ϕ = 0°) as shown in Fig S11. The reason for this change in geometry can be traced to the character of the HOMO and LUMO orbitals. While the HOMO is antibonding (π*) with respect to the middle C-C bond and favors a twisted (ϕ = 90°) configuration, the LUMO is a bonding orbital (π) and favors a planar geometry (ϕ = 0°). Therefore, upon excitation of one electron from the HOMO to the LUMO, it is energetically advantageous for the T 1 state to adopt a planar geometry.
To identify low-lying electronic excited states involved in the triplet-triplet transfer mechanism we performed time- 
